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FIELD TRIP SCHEDULE

Approximate, Central Standard Time except where dual-listed with MST
DAY 1 (October 18)
12:30 pm
(30 min)

Meet at Blue Heron, I-80 Exit 211 south (Gothenburg), 40.910364, -100.167460.
Introductions, safety meeting, and trip overview.

1:30 pm
(1 hour)

Jeffrey hydro - observe buried soils in an alluvial fan sourced from the loess table.

3:15 pm
(1.5 hours)

Bignell Hill - explore 50m loess section.

3:45 pm
(30 min)

Moran canyon - observe loess section that shows a compressed Bignell Loess and
interestingly dune sand exposed within the Peoria Loess.

4:15 pm

End of day

6:00 pm

NGS member social - dinner and bonfire in Sioux Canyon (optional)

DAY 2 (October 19)
8:00 am
(30 min)

Tri-County Diversion - CNPPID engineer Cory Steinke will provide an introduction to
the Tri-County project

9:00 am
(30 min)

N-CORPE Project - Platte River, TPNRD/N-CORPE project personnel will provide an
overview of the N-CORPE project at the Platte River discharge site.

10:00 am (30 min)
(30 min)

Sutherland Reservoir - NPPD Engineer Max Fischer will provide an overview of
Sutherland Reservoir and Gerald Gentleman Station. ENTER MOUNTAIN TIME
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11:15 am/10:15MST Sutherland Supply/Korty Canals/Paxton Syphon - discuss routing and utilization of
surface water in the North and South Platte River systems
(30 min)
12:00 pm/11:00MST Lunch – Ole’s
(1 hour)
1:30 pm/12:30MST
(30 min)

Alkali Station / Alkali Lake

2:30 pm/1:30MST
(2 hours)

Kingsley Hydro - Kingsley Dam foreman Nate Nielsen will give a guided tour beginning at
the NGPC visitor center, we will tour the dam and the 50 megawatt hydro power plant.

4:45 pm/3:45MST
(2 hours)

Geology hike at CPBS. Shane Tucker will lead a 2-mile geology hike to explore Oligocene,
Miocene and Pliocene sediments that are known to occur generally below, within and
above the High Plains Aquifer.

7:00 pm/6:00MST

End of day - check in at Cedar Point Biological Station for those who would like
to stay there.

DAY 3 (October 20)
8:00 am/7:00MST

Gather at CPBS parking area near Lake Ogallala. Brief overview of Day 2 itinerary.

8:30 am/7:30MST
(1 hour)

Ogallala section at Kingsley dam service road and emergency spillway/boat landing.

10:00 am/9:00MST
(1 hour)

Spring Creek headwater – discuss North Platte River north side tributaries and
morphological asymmetry of the lower North/South Platte River valleys

11:15 am/10:15MST Ash Hollow State Historical Park – view the contact between the White River and Ogallala
(1 hour)
Groups. *All vehicles should have a Nebraska State Parks entry sticker*
12:15 pm/11:15MST Eat lunch at Ash Hollow State Park
(1 hour)
12:45 pm/11:45MST Broadwater pit, Big Springs – view/discuss Broadwater Formation and its relationship to
HPA
(1 hour)
2:45 pm/1:45MST
(1 hour)

Big Springs - Groundwater/Surface Water Monitoring, talk about ongoing research
along the South Platte river that seeks to better understand the spatial and temporal
relationships between surface and groundwater and summarize the HPA framework in
the field trip area

3:45 pm/2:45 MST

Return home
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INTRODUCTION
The 2020 Nebraska Geological Society field trip
will visit central Nebraska, and explore the geology
and hydrogeology of the upper Platte, Lower South
Platte and Lower North Platte rivers. The field trip
area consists of a roughly east-west strip of land,
approximately 100 kilometers long, and generally
less than 10 kilometers north and south of the Platte,
North Platte and South Platte rivers’ channels over
most of the reach; from Brady, NE, upstream to Big
Springs on the South Platte River and Lewellen on
the North Platte River (Map 1). In addition to the
river valleys, participants will observe alluvial fans
along the valley margin, adjacent uplands consisting
of variable bedrock strata, as well as loess, dune sand
and gravel. This field excursion will examine these
features with the goal of better understanding the
region with respect to the aquifer and stratigraphic
framework, hydrogeology, and water management
challenges in the region.
Dozens of geologists have been mapping Nebraska
since the mid-1800s, and since 1996 have transitioned
from drawing paper maps to creating digital maps
(Joeckel et al., 2018). Many of the early maps and
publications have also been subsequently digitized
and made available through UNL’s Digital Commons,
such as the Scottsbluff 1° by 2° quadrangle (Swinehart
and Diffendal, 1997), and the North Platte 1° by 2°
quadrangle (Diffendal, 1991) that form the geological
basis for this tour. Another product of the geological
work is the ability to engage students and geologists
through field trips and field guides, this publication
being just the most recent for this region. T. Mylan
Stout and others (1971) published one of the earlier
field trip guides covering a route from Sidney to
Lincoln, including several stops that overlap with
this trip. Stout’s descriptions of the stratigraphic
sections from Ash Hollow (Stop 5 B’), Brule Canyon
and northeast of Ogallala (Stop 6 C, D, and E), and
southeast of North Platte (Stop 7 F, G, and H) provide
useful information and additional basis for this trip.
Geomorphology and Soils
During this tour, participants will visit locations with
various soils associations (Map 2), including deep
well-drained Coly-Uly soils formed on slopes and
uplands on loess, deep excessively-drained Valentine
soils formed on eolian sand and Hersh-Valentine soils

formed on eolian sand with loam, the shallow poorlydrained Lawet-Gothenburg-Platte valley soils over
alluvium, the well to excessively-drained Dix-AltvanColby soils formed on sand and gravel of terraces,
slopes and alluvial fans, moderately permeable welldrained terrace and footslope soils of the BridgetTripp-McCook series, and even the weakly cemented
Canyon-Rosebud-Rock Outcrop soils on loamy
calcareous residuum. They will travel within or across
the Valleys, Bluffs and Escarpments, Plains, Dissected
Plains and Sandhills topographic regions (Maps 3),
and will visit the Rolling Plains and Breaks, Central
High Tableland, Nebraska Sandhills and the Central
High Plains – Northern Part Major Land Resource
Areas (Map 4, USDA-SCS, 1981).
The adventure begins at Jeffrey Hydro, at the mouth
of Conroy Canyon at its conjunction with the
south margin of the broad Platte River valley. Dam
construction has filled much of the canyon with
water (Jeffrey Lake) and canal excavation below
the hydro plant has exposed the underlying strata
of the alluvial fan emanating from the mouth of
the former canyon. Fan sediments comprise much
of the south margin of the upper Platte valley, and
trip participants will proceed west from the Jeffrey
Hydro along the historic routes of the Lincoln
Highway. Observing the abrupt margin of the
dissected loess table to the south and the subtler
morphology within the valley, several alluvial fans of
varying size are discernable along the route.
Proceeding west from Jeffrey Hydro, participants
will travel the broad Platte River valley to Bignell
Road, and its large road cut dissecting the elevated
loess plain to the south of the valley, known locally as
Bignell Hill. While many natural canyons dissect the
loess table, the Bignell Hill road cut provides a nearly
continuous exposure of Bignell and Peoria loesses
that can be examined in detail. Just a couple miles
west from Bignell Hill is the mouth of Moran Canyon,
where the tour will turn south for several miles, into
the alluvium filled canyon, eventually turning west
again to visit a large road cut where Moran Road
emerges from the canyon onto the loess table southsoutheast of North Platte, revealing a compressed
Bignell Loess and dune sand within the Peoria Loess.
This stop concludes day one of the field trip.
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Day 2 of the trip will be primarily concerned with
water manipulation in the region, with visits to
several major control structures that have hydraulic
and hydrogeologic significance for water managers
and scientists. It begins in the alluvial upper Platte
River valley immediately downstream of the North
and South Platte rivers’ confluence at the TriCounty diversion dam, where much of the relief is
construction related. Natural topographic features
are usually subtle in the valley, often remnants of
formerly braided or anastomosing channels, which
may be observable as the tour proceeds west, along
the alluvial valley, eventually rising onto the loess
mantled valley margin and onto the sand sheet (the
Southern Sandhills) between Sutherland Reservoir
and Lake Maloney along the Nebraska Public Power
District canal to talk about the N-CORPE project.
Participants will notice that local relief along the
valley margin is significantly reduced during this
leg of the trip. Proceeding further west, the tour
will follow the valley margin that transitions from
sand sheet to a loess covered landscape of rolling
hills, stopping at the Sutherland Reservoir to discuss
water and Public Power and continuing to the edge
of the alluvial valley of the South Platte River at
Paxton, where the Keystone and Korty diversions
will be discussed.
From Paxton, participants will follow the south
margin of the South Platte River valley further west,
eventually back into the alluvial valley at Alkali Lake,
where subtle natural and historical anthropogenic
topographic features will be illustrated and discussed.
The tour will then proceed west and north across the
valley onto the narrow ridge separating the South
and North Platte river valleys, passing exposures of
the Broadwater Formation and the Ogallala Group
and across the loess-capped ridge, and eventually
revealing the striking landscape along the south
margin of the North Platte valley and the distant
dunes of the Nebraska Sandhills to the north. After
visiting the Nebraska Game and Parks Visitor Center
and touring Kingsley Dam and Hydro, the tour will
complete day 2 of the trip with a hike to explore the
geology revealed along the southern margin of the
North Platte River valley below Kingsley Dam.
The last day of the trip begins exploring outcrops near
the dam, and then proceeding north across the valley
4

and into the margin of the Nebraska Sandhills at
Spring Creek to visit a pasture and headwater wetland
containing organic soils unique from any observed
during the trip previously. From here, participants
will proceed west along the north shore of Lake
McConaughy and observe the relatively high relief but
rolling topography created at the conjunction of the
southern Nebraska Sandhills and North Platte River
valley’s north bank, noting the occasional outcrop
of loess and older strata (Ogallala Group) exposed
in tributary canyons/valleys. Eventually, the alluvial
North Platte valley broadens as participants approach
Lewellen, where the tour turns south across the river
to visit strata in the White River and Ogallala groups
exposed at Ash Hollow State Historical Park.
The tour will then proceed onto the divide between
the North and South Platte rivers, this time
crossing a broader expanse of rolling hills (a series
of northwest to southeast wind-scoured valleys)
composed of sandy silt and loess, stopping along
the north margin of the South Platte valley to
observe older alluvial sands and gravels (Broadwater
Formation) that rest atop Ogallala Group strata
in parts of the region. From here participants will
continue into the South Platte River valley, crossing
down through exposures of Ogallala Group strata
and onto the valley alluvium, where they will end
the tour discussing the regional hydrogeology and
its implications for water managers.
Pleistocene Geology
The Pleistocene geology of the western portion
of Nebraska is dominated by alluvial deposits of
the Platte River system and the dune and loess
deposits that blanket much of the region. The dune
and loess deposits are ultimately sourced largely
from the deposits of river sediments that were shed
from the Rocky Mountains following the Laramide
Orogeny. The Pleistocene period, which occurred
from approximately 2,600,000 to 11,700 years ago, is
known as the ice age when glaciers advanced from
both polar and alpine regions in many locations in the
world. Although glaciers did not cover this portion of
Nebraska during the last several glacial stages, climate
change events associated with the glacial-interglacial
periods did have profound impacts on landscapes and
soil formation in this area.

Dunes formed from the eolian deflation of the
older alluvial sediments, resulting in the Nebraska
Sand Hills, the largest dune area in the western
Hemisphere, and numerous smaller dune fields in the
state. Most of the state’s dunes were actively moving
during the last glacial period ~25,000-19,000 years
ago (Mason et al., 2011). This period of dune activity
was likely related to reductions in plant cover on the
dunes that was fostered by lower precipitation values
and reduced atmospheric carbon dioxide levels, and
many dunes were also activated several times in
the last 10,000 years. These periods of reactivation
occurred at approximately 9,000-6,000 years ago, and
during events centered around 4,200, 2,500 and 800
years ago (Mason et al., 2008). These dune periods
occurred during the current interglacial period and
occurred due to drought conditions that reduced
vegetation cover on the dunes, increasing wind
erosion and dune activation.
Many of the state’s agricultural soils are formed in
loess, a silt-dominated material that formed from dust
storm activity. Four major loess deposits are exposed
in the area, although there are several older loess units
that are frequently buried beneath these units. The
oldest of the four is the Loveland Loess which was
deposited between 160,000-140,000 years ago during
the glacial period prior referred to as the Illinoisan
glacial period. In Nebraska this deposit typically lies
directly beneath the Gilman Canyon Formation and
has a pinkish hue. The overlying Gilman Canyon
Formation was deposited between ~45,000-25,000
years ago. It is generally relatively thin, up to 2 m
thick, and is dark brown to black in color. The Peoria
Loess is the most commonly exposed loess in this
region and throughout the state, and is the material
most of Nebraska’s agriculturally productive soils are
formed in. It was deposited during the last glacial
period, between ~25,000-14,000 years ago, and can
be up to 50 m thick near the Sand Hills and it thins
towards the southeast. The youngest loess unit is the
Bignell which formed in the last 10,000 years, and
its accumulation mimics the dune activation periods
in the recent past (Figure 1). The thickness trends of
both the Peoria and Bignell Loess units indicate that
they formed from dust that piled up downwind of
actively moving sand dunes. Many desert areas today
emit large quantities of dust, and during past climatic
periods when vegetation densities were lowered, our
landscapes emitted lots of dust as well.

The Platte River valley likely aggraded with sediment
during the glacial periods of the Pleistocene, while
rivers during the Holocene and other interglacial
periods entrenched into these glacial era deposits.
Accumulation of 8-10 meters of alluvial fill occurred
in the Platte valley around North Platte during the last
glacial period (Bruihler, 2016). During the Holocene
the Platte has entrenched into the top of this older
fill, and the thickness of this younger fill ranges from
approximately 3-8 meters. More localized features,
such as alluvial fans formed along the edge of loess
exposures where largely ephemeral streams moved
sediment from the uplands to the base of these slopes.

Figure 1: Chart showing a generalized geologic
framework of central Nebraska (modified from Korus,
et. al., 2013 and Swinehart and Diffendal, 1989, AAPG,
1986). Shaded units may outcrop (gray) or subcrop
(green) in the field trip area.
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Pre-Pleistocene Geology
Oligocene and Miocene bedrock of the Ogallala and
White River groups found at the surface in the field
trip area (Map 5) include various alluvial gravels,
sands, silts, and clays as well as eolian sands and
silts. The Ogallala Group is widespread while White
River Group strata is found near the North Platte
River valley west of Sarben, and along the South
Platte River south and west of Brule. As illustrated
in Figure 1, the Ogallala Group includes the Ash
Hollow, Valentine, Sheep Creek and Runningwater
formations. The White River Group includes the
Brule, Chadron, and Chamberlain Pass formations.
In the subsurface within the field trip area, the Brule
and Chadron formations are widespread. While
Chamberlain Pass Formation sands and gravel
may or may not be found at any given location, it
was likely found in a test hole completed near the
west terminus of the field trip route. The Brule NE
Quadrangle was constructed in 1975 (Diffendal,
1975) and revisited during the drought years in 20012002, when newly exposed outcrops along the Lake
McConaughy shoreline were found, including Brule
Formation and one location with Brule and overlying
Gering Formation of the Arikaree Group. Therefore,
the Gering Formation (Arikaree Group) has likely
been found in one location that is presently flooded
by Lake McConaughy, and may be present in the
subsurface elsewhere.
Paleogene and younger strata typically reflect the
present-day topography, dipping gently eastward,
while Cretaceous and older strata dip and/or
thicken to the west (Korus et al., 2013). Cretaceous
sedimentary rocks underlie the region, and the Pierre
Shale is widespread below the Cenozoic succession
(Swinehart et. al., 1985), but may be thin or absent
over the Cambridge arch in the east part of the field
trip area. In locations where the Pierre Shale is absent,
the Niobrara Formation underlies the Cenozoic
succession, particularly to the east and south of the
field trip area. When directly underlying the White
River Group, the Pierre Shale may be weathered to
bright yellow, red, and purple.
Older Cretaceous strata, including the Carlile,
Greenhorn and Graneros formations as well as the
Dakota Group are present in the subsurface of the
field trip area, as is the Jurassic Morrison Formation.
6

Permian strata are found in varying thicknesses in
the subsurface of central and western Nebraska, and
Carboniferous (Pennsylvanian) sequences/cyclothems
are present in the subsurface across most of Nebraska,
including the field trip area. Paleozoic strata are
absent in the region, and Proterozoic basement tends
to be granitic (AAPG, 1986), with the northwest to
southeast trending Chadron Arch beneath the eastern
portion of the field trip area (Map 6).
Hydrogeology
This field trip will proceed from the Platte valley
margin southwest of Gothenburg, under which lies a
variably thick saturated section of variably composed
strata of the High Plains Aquifer (Maps 8, 9), to
beyond its margin along the South Platte River (Map
7). Strata composing the High Plains Aquifer includes
hydraulically connected dune sand, loess, colluvium,
alluvium, Ogallala Group, and Arikaree Group.
Other strata underlying these units is not generally
considered to be part of the High Plains Aquifer, in
spite of possible hydraulic connectivity.
Strata of the Ogallala and White River groups are
common to greater or lesser degrees in the field trip
area (Figure 2) as described previously. Arikaree
Group strata, a possible aquifer, may be found in
specific locales along Lake McConaughy when
the water is extremely low (Diffendal, personal
communication, 2020). Arikaree Group strata are
generally considered to be a part of the High Plains
Aquifer, but the dominant facies is determinative
in defining its role as an aquifer or aquitard locally.
While the strata can often be directly examined in
the field in select locations, it can only be observed
through test holes beneath the Sandhills, loess
tableland, and colluvium covered slopes or in
alluvium filled valleys. Test holes often penetrate to
the Cretaceous Pierre shale such that the younger
fluvial and eolian strata (of varied hydraulic
conductivity) can be examined.
The Broadwater Formation, fluvial sediments and
Ogallala Group strata are considered to comprise
much of the High Plains Aquifer, and while the
White River Group is not generally considered part
of the aquifer, it can function as such in specific
locales where it is known to have significant networks
of interconnected fractures, or in locales with

Figure 2: West to east cross section showing major hydrostratigraphic units of Nebraska (from Korus, et.al. 2013).
interconnected channel sand deposits that occur
adjacent to other High Plains Aquifer strata. Ogallala
Group strata are notably absent along reaches of the
North and South Platte rivers in the field trip area,
where relatively thin deposits of recent alluvium
provide a hydraulic connection between stream water
and groundwater saturated Ogallala or Arikaree
Group strata.
In addition to the notable inter-Group framework
variability noted above, there exist variabilities
within the respective Groups. Source materials can
vary, as can emplacement methods and climate/
weather dependent rates, and alluvial systems, such
as the one that deposited Ogallala Group strata, do
not deposit uniform sediments over large areas like
marine sediments can. In-channel sediment can
vary drastically from overbank deposits, and source
materials can be stream-specific. In short, strata within
a Group or a Formation can have distinct facies with
significant changes both vertically and laterally.
Stream flow in the field trip area varies as well. Flow
in the South Platte River at Julesburg, Colorado is
often greater than the volume of flow at Roscoe,
Nebraska, even accounting for the travel time within

the channel, indicating that the reach loses water
along its length. While we know that much of the
water is lost to the aquifer, the fate of this lost water
with respect to its temporal and spatial variability
has not been well quantified nor understood. The
baseflow (groundwater discharge to streamflow)
along the reach is zero (or less than zero) during
times when the flow at Roscoe is less than Julesburg,
but can also be positive, indicating that the reach
can also have positive baseflow and tributary flow,
whereas the flow in the South Platte River between
Roscoe and North Platte generally increases, as does
the North Platte River between Lake McConaughy
and North Platte. Streams in the Platte River system
can vary significantly in their respective proportions
of runoff and baseflow both spatially and temporally.
Canals further complicate system hydrology, diverting
water seasonally for irrigation and perennially for
public power and/or storage (Map 8). Only two canals
divert water year-round, the Sutherland supply canal
(NPPD) and the Tri-County canal (CNPPID), and
two canals divert water from the South Platte River
within the field trip area, including Western Irrigation
District and Korty canal (Sutherland Supply).
Several canals divert irrigation water from the North
7

Platte River. The Sutherland Supply canal diverts
most of its water supply at the Keystone Diversion
structure at Lake Ogallala on the North Platte River,
and returns (spills) water to the South Platte River at
North Platte via the North Platte Hydro tailrace canal.
The Keith-Lincoln, North Platte, Paxton-Hershey, and
Suburban Canals divert water at separate locations
downstream of Keystone Diversion dam and spill
excess water into other canals and/or the South Platte
River upstream of the North Platte Hydro tailrace
canal or into the Lincoln County Drain and the North
Platte River. The Cody-Dillon canal diverts North
Platte River water downstream of the others and spills
excess water into the Lincoln County Drain. Together,
these canals are referred to as the NPR Canals.

Photo by Doug Hallum, Conservation and Survey Division

Defining the relationship between groundwater
within the aquifer framework and streamflow
in the reaches within the field trip area can vary
depending on several factors, including: the
temporal and spatial resolution needed, stream
stage, groundwater head, presence/absence of
streamflow diversions, storage water in the system,
return flow from appropriators or groundwater
pumpers, the presence/absence of a clogging layer
in the streambed, and the relative frequencies and
accuracies/uncertainties of all observations.

When water is diverted from streams for irrigation
and power generation, the diverted water conveyed
with canals induces a unit head condition (the
sediment beneath the canal is not saturated while
the canal contains open water) and the canal water
immediately begins to percolate into the subsurface,
in part recharging the groundwater. Even if the rate
at which water is diverted is constant, the canal will
be in a dynamic state of flux with changing wetted
length, percolation, evaporation, delivery, and spill
rates for some time, often several weeks, until the
canal reaches a dynamic equilibrium. The same
is true when water deliveries change location or
quantity, including when they cease, the effects of the
canal on the local water movement will change for
some time after diversions have stopped. Therefore,
water diverted seasonally for irrigation can have a
notably different effect than water diverted yearround for power generation. Additionally, irrigators
may use surface water, or pump groundwater, or
both, to irrigate cash crops using delivery systems
of vastly different efficiencies. Geologic, hydraulic
and hydrogeologic factors all have an impact on
aquifer behavior and the availability of water in time
and space, representing a daunting task for water
management decision-makers using limited data.

The upper Platte River valley with cedar clad loess canyons, riparian woodland, and distant Sandhills.
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FIELD TRIP STOPS
STOP 1:
JEFFERY HYDRO
The Jeffrey Hydro plant is the first of three hydro
power plants along the Central Nebraska Public
Power and Irrigation District’s 75 mile supply canal.
Participants will visit the canal excavation near the
hydro plant discharge to view and discuss the alluvial
fan deposits exposed along the embankment.
Alluvial fans are sedimentary deposits that are found
along mountain ranges and escarpments where
relatively small, and often ephemeral, streams exit a
canyon and encounter a wide open plain or flat area.
In the canyon the stream flows in a confined channel,
but on the plain the flow is unconfined resulting in
deposition on the fan surface.

color and the multiple buried soils found within it.
The LiDAR image of Bignell Table shows its surface
is not flat but exhibits multiple low relief features
(Figure 3). These rises are likely relatively small
dunes that formed within the Peoria Loess during
the late Pleistocene. The loess table found directly to
the southeast of Bignell Table shows a comparatively
smooth surface, indicating that either eolian sand
did not accumulate here or it is significantly thinner
than that underlying Bignell Table. Further, eolian
sand was exposed in the Bignell Hill roadcut in the
past, but road grading and efforts to address erosion
on the hill resulted in these portions of the exposure
being covered.

The alluvial fans present along the southern margin
of the Platte valley are sourced primarily from
Peoria Loess, and as a result their particle size is
very similar to the source material. Multiple buried
soils in the fill of the fan at the exposure and in other
fans that have been cored from the area indicate
that deposition on the fan has occurred sporadically
through time. Several fans have been shown to
have aggraded approximately five times during
the Holocene, with the earliest around 9,000 and
the most recent around 1,000 years ago (Faulkner,
2002). The oldest fills in most fans date to around
10,000 years ago, indicating that the Platte River
either eroded and/or buried older fan materials that
may have accumulated along this escarpment.

STOP 2:
BIGNELL HILL
This stop shows the thickest deposit of Peoria Loess,
50 m, that has been documented in the state. The
Gilman Canyon Formation is exposed at the base of
the hill and appears as a faintly darker band of loess.
Thin deposits of Bignell Loess are found at the top of
the Bignell hill exposure and is distinguished from
the lower material due by its overall slightly darker

Figure 3: LiDAR image of Bignell Table (center near top)
and surrounding dissected loess terrain showing detail of
the relief on the two tables. Bignell Table has low relief
hills on its surface, likely due to the presence of eolian
sand within the loess. The other table has relatively
smooth surface, likely due to the lack of eolian sand.
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Several studies have worked to date the age of the
loess deposits at Bignell Hill. Mason et al. (2011)
showed the base of the Peoria was deposited around
24,000 years ago and that the eolian sand, exposed
between 40 and 32 meters depth was deposited
around 22,000 years ago (Figure 4). This age is very
close to the last glacial maximum. Ages from the
upper portion of the fill indicate that the Peoria
Loess stopped accumulating around 14,000 years ago
(Mason et al., 2008). These ages indicate the Peoria
Loess at Bignell Hill accumulated at approximately
0.25 cm/year. The top of the Peoria is capped with
the Brady Soil, which formed between approximately
14,000 and 9,000 years ago, when Bignell Loess began
accumulating on the landscape in the region.

STOP 3:
MORAN CANYON
The Moran Canyon site shows the upper portion of
the Peoria Loess as well as a section of Bignell Loess.
The lower portion of the section here shows crossbedded eolian sand that is found near the base of
the Peoria Loess. The sand layer has been dated to
approximately 20,000 years ago (Mason et al., 2011),
similar to the ages of the sand layer at Bignell Hill
(Figure 4). The upper ages from the Peoria at this site
indicate its deposition ended around 15,000 years ago.
The Brady soil, which separates the Bignell and Peoria
loess is well exposed here. It contains secondary
carbonate materials and strong soil development as
indicated by an argillic horizon, indicating a relatively
long formation time for this soil. The Bignell loess
here shows at least 2 buried soils that occur above the
Brady Soil, indicating that at least 3 phases of Bignell
Loess deposition are preserved here with the first
such phase occurring around 8,800 years ago (Mason
et al., 2008). As is typical, the Bignell Loess is notably
darker than the Peoria at this exposure.

STOP 4:
TRI-COUNTY DIVERSION DAM
The Tri-County diversion dam is the head gate of
the Central Nebraska Public Power and Irrigation
District, designed to provide irrigation water to
farmland in south-central Nebraska, where rainfall
10

Figure 4. Loess and eolian sand stratigraphy of Bignell
Hill and Moran Canyon sections. OSL Ages indicate
depositional ages in thousands of years ago. Figure from
Mason et al. (2011).
was insufficient to reliably produce crops. Envisaged
in 1913 by Holdrege mayor C.W. McConaughy
working in collaboration with Minden banker George
P. Kingsley, the men worked to promote supplemental
irrigation water as a public good and build political
support for a project through the teens, twenties, and
early thirties.
The District was formed in 1933 and sought funds
from the Project Works Association (PWA),
finding itself in competition with the Lower Platte
(Sutherland) project. A compromise was struck
and the project moved forward after overcoming
opposition from downstream interests and even

some locals. Project Works Association engineers
suggested that a large reservoir be located near
Keystone, NE, a location that would facilitate both
the Tri-County and Sutherland projects with future
potential as well. Legal battles ensued relating to
project particulars culminating in the 1936 Osterman
Decision (Osterman vs. CNPPID) that reduced the
total number of irrigated acres by half and denying
access to the project for farmers outside of the Platte
watershed, particularly those in Adams County, who
had been powerful advocates for the project.
The dam was dedicated on July 22, 1941, delivered
its first water that year, and the project now provides
irrigation water to more than 100,000 acres of
farmland and passes through 3 hydroelectric power
plants along its 75 mile path (CNPPID, 2013). It
diverts storage water conveyed through the Nebraska
Public Power District canals from Lake McConaughy,
Nebraska’s largest reservoir, and can be used to
control environmental account water managed by
the US Fish and Wildlife Service for the benefit of
threatened and endangered species in the critical
habitat reach of the Platte River between Lexington
and Grand Island. Additionally, the canal system
has realized the benefits of groundwater recharge,
fish and wildlife habitat, and recreation. At this stop,
Central Nebraska Public Power and Irrigation District
engineer Cory Steinke will provide additional project
background and answer questions from field trip
participants.
Hydrologically, the Tri-County diversion dam
represents the most significant man-made feature in
the lower reaches of the Platte River system as well
as a hinge point in the river. Above the diversion
location, many major tributaries converge providing
mostly positive reach gains to that point, including
the North and South Platte Rivers, Birdwood Creek,
and Fremont Slough. Canal returns from several
North Platte River canals that irrigate the region west
of North Platte, as well as Western Canal, Birdwood
Canal, and the NPPD tailrace canal at North Platte
contribute to the flow in the river (Map 8), while
downstream diversions and returns are staggered
such that each has an indistinguishable hydraulic
signature on the system. Below the Tri-County
diversion, historically unreliable baseflow has been
significantly augmented such that streamflow tends to

be perennial in reaches known to be ephemeral prior
to canal system development, and the river rarely
dries completely except near and downstream of
Grand Island. No other major diversion represents as
significant a hydraulic feature on the river, including
the senior appropriation on the river; the Kearney
canal, which diverts water for about 4000 acres of
cropland and the 1-megawatt Kearney Hydro.

STOP 5:
N-CORPE PROJECT DISCHARGE
Stop 5 will visit the Nebraska Cooperative Republican
Platte Enhancement Project (N-CORPE) discharge
to the Nebraska Public Power District canal along
the margin of the South Platte River valley between
Sutherland and Maloney reservoirs (Figure 5).
In 2012, four Natural Resources Districts (Upper
Republican, Middle Republican, Lower Republican,
Twin Platte) purchased 15,800 acres of irrigated
farmland along with 3,700 of other farmland and/

Figure 5: N-CORPE Project discharge to the Platte at
NPPD canal.
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or pastureland near the watershed divide between
the Medicine Creek and Lower South Platte River
watersheds in southern Lincoln County (Map 1) to
help them meet their respective water management
objectives that relate to the Republican River
Compact affecting the three Republican basin
NRDs and the Platte River Cooperative Agreement
affecting the Twin Platte Natural Resources District
(N-CORPE, 2020). Pipelines were built to pump
water to Medicine Creek to the south and the
Nebraska Public Power District canal to the north.
Each Natural Resources District shares water
management responsibilities with the state of
Nebraska and reflects local priorities by developing
and maintaining an integrated management plan
that balances local, state and interstate/federal goals
for their mutual fulfillment (Ostdiek, 2009). The
N-CORPE project represents one of several controls
available to local water managers of the Twin
Platte NRD to accomplish the goals and objectives
of their plan.
Purchasing and taking irrigated farmland out of
production is one way of reducing the impacts
of groundwater pumping that are manifest as
streamflow depletions in water accounting model
(COHYST) of the Platte basin. A fundamental
limitation of this approach is that the effects of
pumping are significantly influenced by the distance
of the groundwater wells from the streams reflected
in the models, such that larger distances between
groundwater wells and streams result in slower
impact on streamflow as simulated in the accounting
model (Schneider, 2010, Map 10). Therefore, it would
take a long time to realize any appreciable benefit
from a reduction in groundwater pumping from
irrigated acres purchased at great distance from a
stream. On the other hand, the large distance between
the wells and the South Platte River stream network
provides an opportunity for water managers to use
the groundwater as an augmentation project, one
that is used to put groundwater into the surface water
system to meet short term streamflow targets, while
the effects of groundwater pumping (depletions)
from the pumping will occur in manageably small
increments into the future. For the Twin Platte
Natural Resources District, the pipeline discharge to
the Nebraska Public Power District canal means that
12

the water is controlled and can be managed efficiently
on a day-to-day basis.

STOP 6:
SUTHERLAND RESERVOIR
Sutherland Reservoir is owned and operated by
Nebraska Public Power District and is supplied by
canal diversions, it is an off-channel reservoir at
the margin of the table-lands south of Sutherland,
Nebraska and the South Platte River. District engineer
Max Fischer will join participants to provide a brief
overview of the reservoir and power plant and
address any questions participants may have.
The reservoir primarily serves a cooling function
for the coal-fired Gerald Gentleman Station and is
managed as a State Recreation Area by the Nebraska
Game and Parks Commission open to boating,
camping, fishing, hunting, picnicking and swimming.
To the keen observer, it may be apparent that the
reservoir was designed for a larger capacity than its
current function. Water lost to the ground beneath
and around the reservoir was greater than anticipated
when the reservoir was filled, so water levels are
maintained at a lower level than originally planned. A
network of dewatering and fire suppression wells were
installed around the reservoir.
Gerald Gentleman Station is the largest coal-fired
power plant in Nebraska, containing two generating
units that have been in operation for about 40 years
and total 1,365 megawatts, enough electricity to
supply approximately 600,000 people (Figure 6). In
2019, a study to be completed at Gerald Gentleman
Station was awarded funding to provide engineering
design of carbon capture technology to retrofit the
station by the U.S. Department of Energy National
Technology Laboratory. The station is the namesake
of Gerald Gentleman of Platte Center, Nebraska who
lived from 1894 to 1978. Mr. Gentleman served the
Platte Valley Public Power and Irrigation District
from 1934, eventually becoming its general manager
and secretary. He was instrumental in the founding of
the Nebraska Public Power District.
This field trip stop is at a location where heated water
from the power plant is discharged via canal across
an energy/heat dissipation structure and into the

Figure 6: Gerald Gentleman Station and Sutherland Reservoir
lake. A portion of the lake where the heated cooling
water discharged from the plant enters the lake has
been engineered such that the hot water flows around
a series of baffles creating sufficient residence time
to cool the water before it enters the open reservoir
pool. Water temperatures of the effluent and the lake
water are monitored closely so that the fisheries and
recreation benefits of the lake are maintained. The
plant can be cooled by water from the inlet canal, from
the lake, or from the groundwater wells if necessary.
The power plant and lake are situated on tableland
south of the South Platte River, approximately 1
mile south and 100 feet above the South Platte River
channel. The tableland in this region is mantled
in loess and an eolian sand sheet that overlie the
Ogallala Group. A test hole conducted by NPPD just
south of the power plant found a small amount of
gravel between the overlying loess and underlying
Ogallala, a possible indication of younger gravels
present south of the station.

STOP 7:
PAXTON SYPHON / SUTHERLAND SUPPLY
AND KORTY CANALS
At this location field trip participants will observe
the confluence of two canals that supply Gerald
Gentleman Station, Sutherland reservoir and the
North Platte hydro: Korty Canal, which diverts
South Platte River water, and the Sutherland Supply
Canal, which diverts water from Lake Ogallala just
downstream of Kingsley dam on the North Platte
River. North Platte River water is moved south of
the South Platte River via excavation for the canal to
cross the divide between the North and South Platte
rivers and the Paxton syphon. At this location canal
elevation is along the valley margin about half a mile
south and 50 feet above the river channel of the South
Platte River. The syphon inlet is about 15 feet higher
in elevation than the outlet 1.6 miles to the south.
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STOP 8:
ALKALI STATION / ALKALI LAKE
This stop visits an overlook of the south terrace of the
South Platte River from the low hills that bound the
valley between Roscoe and Paxton (Figure 7). The
pasture is one of few remaining parcels that have not
been tilled for row crop or leveled for irrigation, and
preserves remnant wagon ruts of the overland trail
and the foundation of Alkali Station (or Fort Alkali,
as described by local historian Tomas England), a
military outpost. Northeast of the military station
(across the present-day interstate) stood a commercial
outpost that served as a wayside for those traveling
the overland (Oregon, Mormon, California and
Denver) trail. It also served as a pony express station
(Station No. 25), as well as a telegraph station once
the transcontinental telegraph was completed in
1861. The military post was a short-lived (1861-62)
response to Confederate States’ attempts to cause
unrest among Plains Indian tribes to open a western
front for the north during the U.S. civil war. The

military post remains are shown as the prominent
rectangular feature just south of Interstate 80 east
of the overpass. Wagon ruts pass south of the post
sub-parallel to I-80 and east-northeast from the
post. Remains of the commercial “road ranch” are
discernable on the right side of the image, as are
wagon ruts to the north of the Interstate. The dry
lakebed of Alkali Lake lies southeast of the military
post remains.
Participants will proceed west to observe a remnant
lakebed that is bisected by Road East 80. While the
lake is presently ephemeral, dominantly dry, within
human memory of the World War II (Greatest)
generation the lake was used as a skating pond.
Once irrigation wells were installed nearby, Alkali
Lake went dry. Interestingly, the largely dry Roscoe
Draw, whose mouth to the South Platte valley is just
west of Alkali Station, has an active surface water
appropriation (filed in 1970) with a diversion location
nearly a township south of the mouth.

Figure 7: Hillshade showing LiDAR data collected near Alkali Station.
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STOP 9:
KINGSLEY HYDRO AND DAM
Brought into service in 1984, Kingsley hydro is the
largest hydroelectric plant in Nebraska, together with
Kingsley Dam and Lake McConaughy, it represents
the upstream end of the Central Nebraska Public
Power and Irrigation District’s system described in
Stop 4, and is controlled with the rest of the Central
Nebraska Public Power and Irrigation District
from the control center at Gothenburg, Nebraska.
The Kingsley dam began storing water in Lake
McConaughy in 1941 for irrigation, hydropower, and
environmental flows, and is capable of storing up to
1.7 million acre-feet of water. The dam is over three
miles long, more than 160 feet tall, and over 1000 feet
wide at its base. Lake Ogallala, a regulating reservoir

for the Keystone (Sutherland Supply) diversion, sits
at its base. Lake McConaughy has seen significant
variability in storage over its history (Figure 8) as a
result of variable precipitation and snowpack in the
watershed upstream of the dam. Participants will
begin this stop at the Nebraska Game and Parks
Commission’s Lake McConaughy Visitors Center
and Water Interpretive Center, where dam foreman
Nate Nielsen will provide an overview of the North
Platte River system and proceed to a tour of the
hydro facilities. From the spillway, participants will
be able to view eroded headlands of the southeast
shore of Lake McConaughy, the portion of the lake
most susceptible to waves driven by the prevailing
northerly to northwesterly winds (Joeckel and
Diffendal, 2004).

Figure 8: Historical water level of Lake McConaughy (CNPPID website).
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STOP 10:
CEDAR POINT BIOLOGICAL STATION
Part of the University of Nebraska’s School of
Biological Sciences, Cedar Point Biological Station’s
more than 900 acres of prairie and cedar-filled
canyons function as an experiential classroom and
field research facility. Built as Cedar Point Ranch Girl
Scout Camp in 1960, it was acquired by the University
of Nebraska in the mid-1970s to offer summer
courses to Nebraska’s student body. The station is one
of hundreds of biological field stations globally, and
part of the Organization of Biological Field Stations
that supports research, education, and outreach
programs of its member stations to with the goal of
increasing their effectiveness.
Field trip participants will have an opportunity
to explore the geology exposed in the ledges,
escarpments and slopes of the site, including portions
of the Brule, Ash Hollow, and Broadwater formations,
as well as the Peoria Loess (Figure 9). Associated
macrofossils and interpretation of the depositional
environments are described in more detail in the
Geological Field Guide to the Cedar Point Biological
Station (Diffendal and Pabian, 1993).
The horizon descriptions numbered in Figure 9
(Diffendal and Pabian, 1993) include:
Horizon 17
Loess - tan silt, about 10’.
Horizon 16
Silt - dry-moderate orange pink; with white lime
tubules throughout, some granules and pebbles
widely scattered throughout. 3’.
Horizon 15
Sand and gravel - granitic; with fossil wood clasts up
to 4” or longer, 5’ - 10’. Exposure 2: Sand and gravelbecoming fine sand (light brown) with scattered
pebbles at top. 35-40’.
Horizon 14
Sand and sandstone - dry-moderate orange pink,
darker mottling in places; forms ledges occasionally;
has widely scattered tubules, granitic granules, and
fossil hackberry seeds throughout. 18’.
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Horizon 13
Sand - dry-light brown; contains many so-called “root
casts”, tubules, and concretions. 6’6” (on west side of
canyon divides into two well defined ledges separated
by softer rock).
Horizon 12
Sand - dry-light brown; mottled at top with widely
scattered granitic pebbles up to 1” long; some poorly
developed vertical jointing in upper 4’. 20’.
Horizon 11
Sand and gravel - granitic; maximum clast size 1”
or more; grades upward into fine silt with “floating”
pebbles; grades laterally into pebbly sand. 1’2”.
Horizon 10
Sand, fine sand - dry-moderate orange pink to light
brown; occasional ledges usually finer-grained;
mottled appearance in bottom 2’. 23’.
Horizon 9
Fine sand and silt - dry-light brown with pinkish
gray; limey interbeds at base; some sands contain
slightly darker or lighter intraformational clasts and
some granitic granules and pebbles; massive ledges
up to 2’ thick toward top; tubules and concretions in
upper few feet. 21’.
Horizon 8
Sandstone - dry-grayish orange; poorly sorted, poorly
cemented; some granite-derived granules and pebbles
present throughout; some irregular concretionary
masses and root tubules; poor ledge former in basal 5’.
9’6”
Horizon 7
a. Sand - dry-light brown: -massive, 3’4”, b. Sandstone
- light brown: poorly cemented, 1’6”, c. Sand - light
brown, 2’4”.
Horizon 6
Sandstone - dry-pinkish gray; weathers gray; ledge
former, poorly cemented, some granules present. 2’.
Horizon 5
Very fine sandy silt - dry-light brown, wet-moderate
yellowish brown: massive with widely scattered lighter
concretions. 2’.

Figure 9. Geologic section of the Cedar
Point Biological Station. Fig ure from
Diffendal and Pabian (1993).

Horizon 4
a. Very fine sand - wet and dry-grayish yellow, 2’3”,
b. Very fine sandstone ledge - grayish yellow; some
small granules and pebbles scattered throughout:
contains fossil hackberry seeds (endocarps), 10”,
c. Fine sand - dry-yellowish gray, 1’5”, d. Fine
sandstone - yellowish gray, poorly cemented, some
lighter sandstone blebs scattered widely throughout:
also a few widely spaced vertical white vein fillings:
hackberry seeds, 2’4”. Moving south approximately
100’ upper 1’ of 4d is blocky and silty with harder
horizontal and vertical concretions.
Horizon 3
Silt - dry-grayish orange pink, wet-light brown; with
hard ledges up to 8” thick irregularly interbedded;
ledges die out laterally; no concretions. 6’.

Horizon 2
Silt - dry-grayish orange, wet-moderate yellowish’
brown; blocky, massive with vertical fracturing,
common. Potato-shaped concretions common
throughout: concretions are vertically elongate, lime
rich, and associated with jointing. 35’.
Horizon 1
Silt - dry-grayish orange, wet-moderate yellowish
brown; blocky, massive on fresh exposures, vertical
fracturing common: brecciated with slightly harder
clasts standing out from face in relief, individual clasts
up to 1.75” in diameter. 3’.
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STOP 11:
KINGSLEY DAM SECTION
The Ash Hollow section will be explored at additional
locations near Kingsley Dam, illustrating the
wide range of lithofacies within the stream and
floodplain deposits of the Ash Hollow Formation.
Facies identified regionally within the Ash Hollow
Formation include diatomite and impure carbonate,
laminated claystone and siltstone, massive coarse
siltstone, sandstones, gravel and conglomerate
(Joeckel et al., 2014). A large escarpment was created
by the excavation of the emergency spillway of the
Kingsley Dam that has been the subject of some study
(Pabian et al., 1981; Joeckel et al., 2011), with Pabian
and others providing a geologic section of the outcrop
(Figure 10) and the following Unit descriptions:
Unit 20
Gravel; thickness not measured.
Unit 19
Gray, silty, sandstone; thickness as much as 12.0 feet.
Abundant vertical pedotubule fillings resembling
yucca roots.
Unit 18.
Hard, white, sandy caliche; thickness about 1.0
foot. Abundant swallow nests on the lower bedding
surface.
Unit 17
Very fine, light pink-gray, friable sandstone with
four hard, ledge-forming layers toward west end of
exposure; thickness about 10.5 feet. Abundant small
pedotubule fillings resembling rootlets.
Unit 16
Somewhat cross-bedded, very coarse gravel; thickness
about 1.8 feet.
Unit 15
Cross-bedded, light pink-gray, very coarse grained
sand and gravel; coarsest gravel at top of unit;
thickness about 1.5 feet.
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Unit 14
Light pink, very fine grained, sandy siltstone;
thickness about 1.5 feet.
Unit 13
Massive, light chocolate-brown, clayey siltstone;
thickness about 4.0 feet.
Unit 12
Layered, light chocolate-brown, silty, very fine
grained sandstone; thickness about 0.9 foot.
Unit 11
Layered, brown and white, very fine grained, sandy
siltstone; thickness about 2.5 feet.
Unit 10
Slabby, white to light gray caliche and stringers of
light chocolate-brown silt; thickness about 1.0 foot.
Unit 9
Brown and white banded, slightly sandy siltstone;
thickness about 4.0 feet.
Unit 8
Light chocolate-brown, sandy siltstone; thickness
about 3.8 feet. Abundant small pedotubule fillings
resembling rootlets and some fossil seeds.
Unit 7
Light brown, very hard sand-stone; thickness
about 4.1 feet. Abundant small pedotubule fillings
resembling root-lets.
Unit 6
Light reddish brown, friable, slightly silty sandstone;
thickness about 3.6 feet. Some pedotubule fillings
resembling burrows.
Unit 5
White, hard caliche; 0.1 to 0.3 foot thick.

Unit 4
Friable, light chocolate-brown sandstone; thickness
about 1.8 feet.
Unit 3
Friable, light grayish green sandstone; thickness about
2.1 feet. Some small pedotubule fillings resembling
root-lets.
Unit 2. Hard, indurated, white to light gray sandstone;
thickness about 0.8 foot.
Unit 1. Friable, light gray sandstone; exposed
thickness as much as 4.0 feet.

Figure 10. Geologic section of the Kingsley Dam Spillway. Figure from Pabian, et al. (1981).
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STOP 12:
SPRING CREEK HEADWATER
Spring Creek is a small north side (left bank)
tributary to the North Platte Rivera in Keith County,
Nebraska. While smaller than several north bank
tributaries, and in contrast with the dry tributary
canyons on the south bank and Roscoe draw on the
South Platte River, it exhibits a common character to
many streams issuing from the Nebraska Sandhills,
that it is a baseflow dominated stream with a nearly
constant discharge (Hallum, 2019). Whitetail and
Birdwood creeks are larger left bank tributaries in
the field trip area, but several additional smaller
tributaries, such as Skunk, Sand, Lake, Cedar and
East Clear creeks also provide a nearly constant
supply of tributary flow, contributing a reliable
“reach gain” in the North Platte River between Lake

McConaughy and North Platte. Whitehorse Creek,
a left bank tributary to the upper Platte River, shares
the baseflow-dominant characteristic and discharges
into the Platte just below the Tri-County diversion
dam visited in Stop 4. The stark contrast may be
attributable to the relative elevation of the streams’
thalwegs and the topographic high of White River
Group strata along the south bank of the North Platte
River (Figure 11, Diffendal et al., 1985).
At this location, participants will hike into the
valley of the Spring Creek headwater and observe
groundwater discharge to the headwater wetland and
coalescence of the resulting stream. It is one of several
locations that local 4th and 5th grade students visit
each spring during the UNL Extension’s Water Riches
Field Day to observe and discuss various elements of
the water cycle.

Figure 11: Cross section from Lake McConaughy southward with six boreholes (32-B-75, 34-B-75, 10-A-49, 9-A-49,
7-A-49, and 3-B-75). Large sandstone bodies (1–4) are interpreted on basis of geophysical and lithologic logs (from
Joeckel et al., 2014).
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STOP 13:
ASH HOLLOW STATE HISTORICAL PARK
Field trip participants will have a
final opportunity to examine the
Brule and Ash Hollow formations at
the Ash Hollow State Historical Park
just south of Lewellen. Ash Hollow
is the type area of the Ash Hollow
Formation. Because of its freshwater
spring and cave, the park occupies a
location that has remained important to
humanity for thousands of years, being
a significant stopover on the Oregon
and California Trails (with reference to
Windlass Hill made in many journals
kept by pioneers), as well as a refuge for
the indigenous Dismal River People,
ancestors to the Plains Apache, who left
the area about a century before white
settlers began to explore the region.
Figure 12: Block diagram illustrating Miocene depositional environments
The Brule Formation is well exposed
(from Pabian et al., 1981).
near the base of the bluff, and the
contact between the underlying Brule
and overlying Ash Hollow is striking. The basal
Platte River system, a dynamic landscape of stream,
Ash Hollow is composed of a basal conglomerate,
bar, floodplain, lake and eolian deposits.
derived of locally re-worked Brule. The Ash Hollow
canyon is extensive, and the Ash Hollow Formation
STOP 14:
exposed therein exposes fluvial sands and calcrete
BROADWATER PIT-BIG SPRINGS
ledges that appear striking even to laypersons
passing by on the highway, and reinforcing the
This stop will visit the younger Pliocene-Pleistocene
conclusion for geologists that the Ash Hollow
gravels and coarse sand equivalent to the Broadwater
Formation is variable in all dimensions.
Formation, a fluvial pebble to cobble gravel and
sand; with silt, clay and diatomite beds locally. There
Joeckel and others (2014) proposed that late Miocene
is some debated about the ability to correlate these
paleogeography of the interior USA consisted of
gravel units over distance, and Diffendal mapped the
streams from the Rocky Mountains depositing
area in the late 1970s, and reported in the paper on
coarse sediments in the Wyoming Gangplank,
the “Sidney Gravel” concept (1990).
narrow, well-defined incised paleovalleys in the
southern panhandle of Nebraska, with broader
STOP 15:
paleovalleys existed in the field trip area and fluvial
GROUNDWATER / SURFACE WATER
aprons (“megafans”) in east-central Nebraska. This
MONITORING STUDY-BIG SPRINGS
interpretation of broad paleovalleys in the field trip
area fits with the relative lack of steep cut banks found
In Nebraska, the most basic measure influencing
in outcrop and the difficulty noted in identifying
water management decision-making is the
channel features within sandbodies in the Ash Hollow
interaction between surface and ground water. In
Formation. Figure 12 illustrates a possible Miocene
management documents, the metric is expressed
depositional environment much like present-day
using the terms depletions and accretions. Depletions
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are reductions in streamflow induced by human
activity and accretions are increases to streamflow
induced by human activity. A primary goal in the
regionally adopted integrated management plans
for overappropriated areas, including the reaches
in our field trip area, is to mitigate for “post-1997
depletions” as an initial increment of management,
and then determine the difference between a 1997
level of depletions and “fully appropriated”, if any
difference exists. This difference is both a technical
and political question, and as such, is decided jointly
by the State of Nebraska and its political subdivisions.
A fully appropriated condition from a management
perspective, is desirable because it maximizes the
beneficial use of the water supply for the society while
managing the detrimental effects of anthropogenic
disturbance to the system.

much further apart than the typical groundwater
observation, and much further apart than the typical
water right. Add to that the fact that the historic data
told us little about when and where the flux and flux
changes between surface and groundwater in the
system occurred. Since Nebraska manages based on
those flux changes, this work was begun to address a
couple questions: 1) Is it possible to observe the flux
changes that our modeling teams were attempting
to simulate? and 2) Can we bridge the long-term
regional conceptions of water regulators and the
near-term parcel/operation scale understanding
of producers to provide common ground for both
groups to communicate across?
Those questions precipitated the idea that if
measurements were correlated in time and space
with a common datum, we could reasonably expect
to learn something of the stream/groundwater
relationship near (or between) the observations
(Figure 13). The temporal limitation of groundwater
observations improved by deploying recorders, and

Depletions and accretions are usually estimated
using the simulations of numerical water accounting
models. In the upper Platte River and lower North
and South Platte rivers the primary accounting tool
currently in use
is the COHYST
2010 model and
subsequent work by
Natural Resources
Districts and
consulting firms.
The COHYST
model was
calibrated against
the best data
available at the time
of its development,
Figure 13: Stream-groundwater observation concept from the poster “Groundwater-surface
including
water connectivity: real-time monitoring for a dynamic system”, Troy E. Gilmore, Chris Hobza
streamflow data
and Doug Hallum
recorded by
the Nebraska
Department of Natural Resources and the US
the spatial limitation of stream gages improved by
Geological Survey, and groundwater observations
installing cheap “gages” to discretize shorter reaches
collected and/or compiled by the various Natural
(Map 11). Project personnel installed in-stream
Resources Districts. Direct observations can be a
monitors and instrumented existing groundwater
fundamental modeling challenge, since most historic
observation wells with simple pressure transducers
groundwater levels upon which the models were
such that the measurements were paired at specific
built were collected in almost every township but
locations along the South Platte River.
only once or twice a year, while stream gages were
different, recording observations every 15 or 30
Since the historic record of the stream gage at Paxton
minutes, but the gages were 20-50 kilometers apart,
is short, modeling teams often consider this reach to
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consist of two segments:
Julesburg to Roscoe,
and Roscoe to North
Platte. For this work,
instrumentation was
deployed in shallow
and deep observation
wells at Big Springs,
the Western Irrigation
District spill location
west of Ogallala,
east of Ogallala, east
of Paxton, east of
Hershey, and at North
Platte, delineating
at least five stream
segments. Shallow
and deep groundwater
observation nests
were paired with stage
observations at each of
these six locations.

Figure 14: Stream and groundwater observations near Big Springs, NE. The vertical axis
represents elevation and the horizontal axis represents time.

Anecdotal data from
Big Springs shows that
surface water pulse
flows can be identified
as temporally delayed
head changes in both
shallow and deep
groundwater (Figure
14), provided the
high water persists
for several days,
Figure 15: Stream and groundwater observations east of Paxton, NE. The vertical axis
and that if changing
represents elevation and the horizontal axis represents time.
gradients indicate flux,
the flux across the
stream-groundwater
interface changes direction irregularly. Shallow and
in response to comparatively large stage changes in
deep groundwater observations at Big Springs are
the stream. Hydrogeologists can generate previously
identical. Figure 15 shows data collected near Paxton,
unattainable value from this data by estimating
illustrating a very different hydraulic relationship
stream discharge and aquifer recharge (“Q” in Figure
between surface and groundwater and a temporally
14) hourly near the observations using known values
changing relationship between shallow and deep
and a few basic assumptions. Researchers are also
groundwater, with shallow groundwater immediately
exploring the potential to better estimate regional
responsive to changes in surface water stage changes,
values of hydraulic conductivity (“K” in Figure 14)
and a persistent (if variable) downward hydraulic
using data from these passive observations like slug/
gradient between shallow and deep groundwater, and
pumping tests.
deep groundwater that shows a small head changes
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Figure 16 shows a hypothetical South Platte River,
cartoons of select test holes drilled along the reach
by the Conservation and Survey Division, and a data
derived conceptual model of the reach. Testhole
data is color coded by the grain size of the dominant
lithology; yellow represents sandy (or gravely) strata,
orange represents silty strata, and green represents
clayey strata. Turquoise represents calcareous strata.
West is left in the diagram and east is to the right.
Generally, the High Plains Aquifer in the reach is a
sandy aquifer that thickens eastward (Map 8). The
dotted lines near the top of the graphic connect
what is considered by local drillers and producers
to be a regional “low hydraulic conductivity” layer.
Shallow groundwater wells were screened above this
layer, and deep wells below this layer. Examining
the relationships suggested by data collected to
date from west to east, the head/stage gradients
from near Big Springs indicate a strong hydraulic
connection and temporally variable gaining/losing
stream condition (Figure 16). At the Western
Irrigation District spill west of Ogallala, surface
water and deep groundwater seem to be connected,
while shallow groundwater seems to relate only

to deep groundwater, and not surface water. East
of Ogallala, data indicate a discharge condition
between deep and shallow groundwater with a
variable gaining/losing condition with respect to
surface water. East of Paxton, data show a losing
stream and recharge area respecting shallow/deep
groundwater. Data collected near Hershey shows a
similar downward groundwater gradient indicating
recharge area, while stream stage varies enough to
indicate temporally varying stream gains/losses.
At North Platte data indicates a gaining stream
while downward groundwater gradient indicates a
recharge area. At this time, it is uncertain if spatially
and temporally refined observations will be used
to develop improved water accounting tools, but
it is encouraging to observe that the Twin Platte
Natural Resources District has followed up the work
along the South Platte River by expanding data
collection efforts with its newly implemented Water
Data Program in collaboration with growers in the
region. Every year, approximately 500,000 stream
and groundwater observations along the South
Platte River continue to be collected, as long as the
batteries last.

Figure 16: New graphical conceptual model of the South Platte River from the Colorado state line to North Platte, NE.
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Map 1: Area Map and Field Trip Stops
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Map 2: Soils Associations
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Map 3: Topographic Regions
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Map 4: Major Land Resource Areas
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Map 5: Bedrock Geology
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Map 6: Basement Elevation and Structure
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Map 7: Distribution and Configuration of the High Plains Aquifer
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Map 8: Configuration of Surface water Features and HPA Saturated Thickness
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Map 9: Saturated Thickness of the High Plains Aquifer Statewide
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Map 10: Platte River Watershed Stream Depletion
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Map 11: Configuration of Groundwater/Surface Water Monitoring Study
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